Abstract. We experimentally generate and characterize a six-photon polarization entangled state, which is usually called "Ψ + 6 ". This is realized with a filtering procedure of triple emissions of entangled photon pairs from a single source, which does not use any interferometric overlaps. The setup is very stable and we observe the sixphoton state with high fidelity. The observed state can be used for demonstrations of telecloning and secret sharing protocols.
Introduction
Multiphoton interference is a rich source of non-classical effects. It has been used for testing the foundations of quantum mechanics and in demonstrations of basic quantum information protocols. Many interesting experiments have been performed in which one could observe interference characteristics for three-and four-photon states of various kinds [1] . The continuing development of new techniques, and better devices now allows observations of six-photon events with reasonable count rates.
Consider as an example of multiparty communication protocols, a scheme where a sender called Alice wishes, via quantum channels, to distribute quantum information, e.g. the state of a qubit, to many receivers placed at different remote locations. The no-cloning theorem forbids her to copy or to broadcast totally unknown quantum information [2] . Fortunately laws of quantum physics allow Alice to transmit the information to her associates with a fidelity up to F = (2M + 1)/3M, where M is the number of receivers [3, 4] . Murao et al. [5] presented a 'telecloning' scheme, which allows her to perform an optimal broadcasting of quantum information to three partners. In this protocol, Alice and her partners must initially share a sixpartite entangled state | Ψ + 6 , which is the aim of our experiment. Alice has three qubits (two serve as passive ancillas), while her partners have one each. Alice performs a local joint (Bell) measurement on the unknown qubit and one qubit from | Ψ + 6 . Finally, she sends a twobit classical message to her three partners informing them of her measurement result and they perform a local transformation of their qubits according to Alice's message. The final quantum states of each of Alice's partners are copies of her initial state with a maximal possible fidelity, F = 7/9. Telecloning combines an optimal quantum cloning machine and a teleportation protocol. The state | Ψ + 6
can also be used for secure quantum multiparty cryptographic protocols, such as the six-party secret sharing protocol [6, 7] .
In the first six-photon entanglement experiment [8] a generalization of the overlap schemes suggested in [9] was used. Here we obtain a six-photon entangled state by pulse pumping just one crystal and extracting the third order process. This is done only via suitable filtering [14] , and the interference is observed behind four beam splitters, i.e. we generalize the procedure theoretically proposed in [15] , that has been used to produce the singlet four qubit | Ψ − 4 state [16] . This method was tested in, e.g. [10] and [11] (for related experiments see [12] and [13] ). As there are no interferometric overlaps the setup is very stable, and produces an experimental state of high fidelity with respect to the theoretical | Ψ 
Experimental setup
Let us start with a brief explanation of the theory of the used Parametric DownConversion (PDC) process and then a detailed description of our experimental setup [10] .
The state of two phase matched modes of the multiphoton emmission that results out of a single pulse acting on a type-II PDC crystal is given by
where
) is the creation operator for one horizontal (vertical) photon in mode a 0 (b 0 ), and conversely; C is a normalization constant, α is a function of pump power, non-linearity and length of the crystal and | 0 denotes the vacuum state. This is a good description of the state, provided one collects the photons under conditions that allow the indistinguishability between separate two-photon emissions [14] . The third order term in the expansion of eq. (1), corresponds to the emission of six photons. In our experiments these photons are distributed into six modes using 50 − 50 beam splitters (BS). A multi channel coincidence circuit effectively selects the terms of the PDC state with one photon in each mode. As a result, with a suitable choice of the relative phase between the photons of the emitted pairs, we obtain correlations which characterize a sixphoton polarization entangled state given by the following superposition of a six-qubit Greenberger-Horne-Zeilinger (GHZ) state and two products of three-qubit W states:
where | GHZ
| W is the spin-flipped | W , and H and V denote horizontal and vertical polarization, respectively.
We have used a well tested setup of our laboratory, see [10] . A frequency-doubled Ti:Sapphire laser (80 Mhz repetition rate, 140 fs pulse length), yielding UV pulses with a central wavelength at 390 nm and an average power of 1300 mW, is used as a pump. The laser beam is focused to a 160 µm waist in a 2 mm thick BBO (β-barium borate) crystal. Half wave plates and two 1 mm thick BBO crystals are used for compensation of longitudinal and transversal walk-offs. The emission of non-collinear type-II PDC processes is coupled to single mode fibers (SMF). They collect radiation at the two spatial modes which are at the crossings of the two frequency degenerated downconversion cones. After leaving the fibers the down-conversion light passes narrow band (∆λ = 3 nm) interference filters (F) and is split into six spatial modes (a, b, c, d, e, f ) by ordinary 50−50 beam splitters (BS), followed by birefringent optics to compensate phase shifts in the BS's. Due to the short pulses, narrow band filters, and single mode fibers the down-converted photons are temporally, spectrally, and spatially indistinguishable [14] , see Fig. 1 . The polarization is being kept by passive fiber polarization controllers. Polarization analysis is implemented by a half wave plate (HWP), a quarter wave plate (QWP), and a polarizing beam splitter (PBS) in each of the six spatial modes. The outputs of the PBS's are lead to single photon silicon avalanche photo diodes (APD) through multi mode fibers. The APD's electronic responses, following photo detections, are being counted by a multi channel coincidence counter with a 3.3 ns time window. The coincidence counter registers any coincidence event between the 12 APD's as well as single detection events. . The six photons are created in third order PDC processes in a 2 mm thick BBO crystal pumped by UV pulses. The intersections of the two cones obtained in non-collinear type-II PDC are coupled to single mode fibers (SMF) wound in polarization controllers. Narrow band interference filters (F) (∆λ = 3 nm) serve to remove spectral distinguishability between different signal-idler pairs. The two spatial modes are divided into three modes each by a sequence of two 50 − 50 beam splitters (BS). Each mode can be analyzed in arbitrary polarization basis using half-and quarter wave plates (HWP and QWP) and a polarizing beam splitter (PBS). Simultaneous detection of six photons (there is one detector at each output mode of the six polarizers) are recorded by a twelve channel coincidence counter. Fig. 2a shows experimentally estimated probabilities to obtain each of the 64 possible sixfold coincidences with one photon detection in each spatial mode, for the case when all qubits were measured in {| H , | V } basis. The peaks are in very good agreement with theory: half of the detected sixfold coincidences are to be found as HHHV V V and V V V HHH, and the other half should be evenly distributed among the remaining events with three H and three V detections. This is a clear effect of the bosonic interference (stimulated emission) in the BBO crystal giving higher probabilities for emission of indistinguishable photons. The detection probabilities for our six-photon state | Ψ + 6 reveal similar structure in the three measurement bases {| H ,
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, is invariant under identical unitary transformations applied to each qubit, which leave the {| H , | V } basis unchanged, but rotate the complementary ones. Experimentally this can be revealed by using specific sets of identical settings of all polarization analyzers. The results should be similar for such settings. Our results for measurements in diagonal/antidiagonal, and left/right circular polarization bases are presented in Fig. 2b and 2c . We clearly observe the expected pattern, with a small noise contribution.
Five-photon states from projective qubit measurements
The setup can also be used to produce various five-photon states. Conditioning on a detection of one photon in a specific state we obtain specific five-photon entangled states. In the computational basis the projection of the second qubit onto | V leads to
while a projection onto | H results in Fig. 3a and 3b show the results related to these five-photon conditional polarization states and we clearly see the terms | V V V HH and | HHHV V respectively. All these results are in close agreement with theoretical predictions (up to the noise).
Quantum correlation and entanglement
Another property of |Ψ + 6
is that it for certain settings exhibits perfect six-qubit correlations. We obtain the following values: σ is a genuine six-qubit entangled state, meaning that each of its qubits is entangled with all the remaining ones. In order to show that our experimental correlations reveal entanglement we use the entanglement witness method. An entanglement witness is an observable yielding a negative value only for entangled states, the most common being the maximum overlap witness (W max ), which is the best witness with respect to noise tolerance [17] . The maximum overlap witness optimized for | Ψ + 6 has the form
where the factor 2/3 is the maximum overlap of | Ψ + 6
with any biseparable state [18, 19] . The witness detects entanglement with a noise tolerance around 34%, but it also demands a large number (183) of measurement settings. Since it would be an experimentally very demanding task to perform all these measurements, we have developed a reduced witness that can be implemented using only three measurement settings. Our reduced witness W, is given by 
